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BLADED SOLAR THERMAL RECEIVERS
FOR CONCENTRATING SOLAR POWER

STATEMENT OF GOVERNMENT INTEREST

The United States Government has rights 1n this invention
pursuant to Contract No. DE-AC04-94 AL.85000 between
the United States Department of Energy and Sandia Corpo-
ration, for the operation of the Sandia National Laboratories.

FIELD

The present disclosure 1s generally directed to solar
thermal receivers, and more particularly to solar thermal
receivers having structures and geometries that increase
ellective solar absorptance and efliciency.

BACKGROUND

Mounting concerns over the effect of greenhouse gases on
global climate have stimulated research focused on limiting
greenhouse gas emissions. Solar power generation 15 par-
ticularly appealing because substantially no greenhouse
gases are produced at the power generation source.

Concentrated solar power (CSP) generation using solar
receivers 1s known in the art. Briefly, concentrated solar
power systems use lenses, mirrors, or other elements to
focus sunlight incident on a relatively large area onto a small
area called a solar receiver. The concentrated sunlight can be
used to heat a fluid within the solar recerver. The fluid heated
within the solar receiver can be used to create energy, such
as by driving a turbine to generate power or by providing a
secondary heat source.

Conventional receivers for concentrating solar power
consist of panels of tubes that are arranged 1n a cylindrical
or cubical shape to face the incoming solar irradiance.
However, these configurations also maximize radiative and
convective heat losses to the environment; most of the
sunlight retlected off of these surfaces 1s lost to the envi-
ronment.

The need therefore remains for an eflicient solar receiver
that enables higher efliciency power cycles.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s an illustration of a solar receiver according to an
exemplary embodiment of the disclosure.

FI1G. 2 1s an illustration of a solar receiver panel according
to an exemplary embodiment of the disclosure.

FIG. 3 1s an 1llustration of a solar receiver panel according,
to another exemplary embodiment of the disclosure.

FIG. 4 1s an 1llustration of a solar receiver according to
another exemplary embodiment of the disclosure.

FIG. 5 1s an illustration of a solar receiver according to
another exemplary embodiment of the disclosure.

FIG. 6 1s an illustration of a solar receiver panel system
according to an exemplary embodiment of the disclosure.

FIG. 7 1s a partial cut away overhead view of one of the
solar recerver panel system of the solar recerver shown 1n
FIG. 5 having the top headers cut away to show the tubes.

FIG. 8 1s an illustration of a solar receiver according to
another exemplary embodiment of the disclosure.

SUMMARY OF THE DISCLOSURE

In an embodiment of the disclosure, a solar receiver 1s
disclosed that includes a plurality of solar receiver panels
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disposed radially about a central hub having a vertical axis.
The plurality of solar receiver panels includes a first fluid

header, a second tluid header, and a plurality of tubes fluidly
connecting the first and second fluid headers.

In another embodiment of the disclosure, a solar receiver
1s disclosed that includes a plurality of solar receiver panel
systems disposed radially about a central hub having a
vertical axis. The plurality of recetver panel systems include
a first solar receiver panel, and a second solar receiver panel
configured with the first solar receiver panel to form a wedge
shape having an apex directed away from the vertical axis.

In another embodiment of the disclosure, a solar receiver
1s disclosed that includes a support panel, and a plurality of
solar recerver panels attached to and extending from the
support panel. The at least one solar recerver panel of the
plurality of solar receiver panels includes a first fluid header,
a second fluid header, and a plurality of tubes fluidly
connecting the first and second fluid headers.

In another embodiment of the disclosure, a solar receiver
1s disclosed that includes a shroud disposed above a plurality
ol solar receiver panels. The shroud 1s configured to retain
heat by capturing heated air and reflecting radiation lost by
the plurality of solar receiver panels.

One advantage of the present disclosure 1s to provide a
solar receiver that will significantly increase the absorbed
solar radiation while reducing heat losses (radiative and
convective), yielding higher thermal efliciencies, improved
performance, and reduced costs for concentrating solar
power tower systems.

Another advantage of the present disclosure is that the
receiver footprint (optical intercept area) can be smaller with
the same exposed surface area and surface 1rradiance, which
will reduce heat losses. Large structural cavities, which are
used to reduce radiative heat losses, can also be avoided.

Other features and advantages of the present disclosure
will be apparent from the following more detailed descrip-
tion of the preferred embodiment, taken in conjunction with
the accompanying drawings which illustrate, by way of
example, the principles of the disclosure.

DETAILED DESCRIPTION

The present invention now will be described more fully

hereinafter with reference to the accompanying drawings, in
which preferred embodiments of the invention are shown.
This invention may, however, be embodied 1n many different
forms and should not be construed as limited to the embodi-
ments set forth herein; rather, these embodiments are pro-
vided so that this disclosure will be thorough and complete
and will fully convey the scope of the mvention to those
skilled 1n the art.
The present disclosure 1s directed to a solar receiver,
hereinafter referred to as a “receiver,” that reduces the
amount of radiative energy loss while increasing absorbed
radiation, yielding higher thermal efliciencies, improved
performance, and reduced costs for concentrating solar
power tower systems. The disclosed receiver includes panels
of tubes arranged either radially (in a star pattern) or along
a vertical or horizontal plane. The disclosed recerver reduces
the local radiative view factors and heat losses and increases
the amount of absorbed energy from the heliostat field.

The disclosed receiver can operate at high temperatures
(>650° C.) while reducing radiative and convective heat
losses at high concentration ratios (1000 suns or more) to
achieve high annual thermal efliciencies. In an embodiment,
a STAR (Solar Thermal Advanced Receiver) receiver is
disclosed that reduces total heat transier losses (radiation
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and convection) of up to 50% with an increase 1n thermal
elliciency of nearly 10%. This translates into significant cost
savings by requiring fewer heliostats for the same amount of
thermal output. Achieving these metrics 1s necessary to
reduce the levelized cost of electricity of concentrating solar
power towers to levels comparable with current fossil-tfueled
power plants.

FIG. 1 illustrates an embodiment of the present disclo-
sure. According to this embodiment, a receiver 10 1s dis-
closed that includes a plurality of receiver panels 12 radially
disposed about and extending from a central hub 14. The
receiver panels 12 may be referred to as blades. In this
exemplary embodiment, the receiver panels 12 radiate per-
pendicular from the central axis Y of the hub 14. The hub 14
1s connected to a tower 16 for elevating the receiver 10
above a surface (not shown). The receiver panels 12 have a
leading edge 17 that 1s distant from the hub 14, and a trailing
edge 18 that 1s proximate to the hub 14. In this and 1n other
drawings of the disclosure, the hub and other components
are not necessarily to scale, and may be large enough to
contain piping and other features within. Each segment of
the radial structure can be modular, consisting of the out-
ward radial receiver panels and the portion of the hub that
connects the radial receiver panels.

Additionally, the receiver panels 12 have a first side 19
and a second side 20 opposite the first side 19. The first and
second sides 19, 20 may be coated or treated with heat
absorbing surfaces, coatings or textures to efliciently capture
the 1incident concentrated solar radiation. As can be seen in
FIG. 1, both first and second sides 19, 20 sides of the
receiver panels 12 can be 1lluminated. The radially extend-
ing blade design increases the eflective solar absorptance
and efliciency by providing a light trap for the incident solar
radiation while reducing heat losses from radiation and
convection.

In this exemplary embodiment, the receiver 10 includes
cight receiver panels 12, however, 1n another embodiment,
the recerver 10 may include 2 or more receiver panels 12. In
another embodiment, the recerver 10 may include between
2 and 1000 receiver panels. In another embodiment, the
receiver 10 may include between 3 and 20 receiver panels.
In another embodiment, the receiver 10 may include
between 4 and 10 receiver panels. In an embodiment,
receiver panels may include one or more tubes with or
without a header. As can be seen 1n FIG. 1, both sides of the
receiver panels 12 can be 1lluminated.

The hub 14 provides a central attachment point for the
receiver panels 12. In addition, the hub 14 and/or tower 16
may include piping for fluidly connecting the receiver panels
12 to a fluid source and fluid receiver (not shown) as would
be appreciated by one of ordinary skill in the art. Further in
addition, the hub 14 and/or tower 16 may include pumps,
valves and/or other fluid transport and control devices for
providing and/or controlling fluid to the receiver panels 12.

In this exemplary embodiment, the receiver panels 12 are
attached to the hub 14. In another embodiment, the receiver
panels 12 may be pivotally attached to the hub 14 1n a
manner that allows the receirver panels 12 to be pivoted
about the Y axis. For example, one or more of the receiver
panels 12 may be pivoted so as to face a surface more
perpendicular to solar 1rradiance.

FIG. 2 illustrates an example of a receiver panel 12
according to an embodiment of the invention. As can be seen
in FIG. 2, the receiver panel 12 includes a first manifold 22,
a second manifold 24, and a plurality of tubes 26 disposed
between the first and second manifolds 22, 24. In this
exemplary embodiment, the first manifold 22 receives a
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fluid from the hub 14 or tower 16 1n the direction shown by
arrow A. The fluid 1s then distributed to the plurality of tubes
26 and flows 1n direction A' to the second manifold 24,
where 1t 1s collected and flows to the hub 14 or tower 16 1n
direction A". In another embodiment, the direction of flow
may be reversed. The first and second manifolds 22, 24 may
include piping, baflling or other fluid control and distribu-
tion components to provide and control the flow of fluid to
the tubes 26. In this exemplary embodiment, the tubes 26
have a generally circular cross section. In another embodi-
ment, the tubes 26 may have other cross sections, such as,
but not limited to square, rectangular, and oval. Additionally,
in this exemplary embodiment, the tubes 26 are in close
proximity or touching adjacent tubes. In an embodiment,
some minimal spacing may be present to allow for expan-
S1011.

As can be seen 1in FIGS. 1 and 2, receiver panels 12 have
first side and second sides 19, 20. The first and second sides
19, 20 may be coated or treated with heat absorbing surfaces,
coatings or textures to efliciently capture the incident con-
centrated solar radiation.

FIG. 3 illustrates another example of a receiver panel 32
according to another embodiment of the disclosure. As can
be seen 1n FIG. 3, the receiver panel 32 includes recerver
sub-panels 34. Similar to receiver panel 12 shown in FIG. 2,
receiver panel 32 includes a leading edge 17, a trailing edge
18, a first side 19, and a second side 20 (opposite the first
side 19, but not shown). In this exemplary embodiment, the
receiver panel 32 includes three receiver sub-panels 34. In
another embodiment, the receiver panel 32 may include two
or more receiver sub-panels. Fluid flow i1s indicated by
arrows B. In another embodiment, the direction of fluid flow
may be reversed. In another embodiment, the fluid may enter
the first bottom sub-panel and be redirected to the tubes (as
would be the case if the receiver panel were flipped so the
bottom header was the top header). In another embodiment,
the fluid direction of the flipped receiver panel may be
reversed. In this exemplary embodiment, fluid 1s first pro-
vided to the tubes of the panel closest to the leading edge 17.
In another embodiment, fluid may be first provided to the
tubes of the panel closest to the trailing edge 18.

Each recerver sub-panel 34 includes a first mamifold 36, a
second manifold 38, and a plurality of tubes 40 receiving
flmid flow the first manifold 36 and providing flmd to the
second manifold 38. The first and second manifolds 36, 38
may 1nclude piping, baflling or other flmd control and
distribution components to provide and control the flow of
fluid to the tubes 40. In this exemplary embodiment, the
tubes 40 have a generally circular cross section. In another
embodiment, the tubes 40 may have other cross sections,
such as, but not limited to square, rectangular, and oval.

FIG. 4 1llustrates another example of a recerver 50 accord-
ing to another embodiment of the disclosure. As can be seen
in FIG. 4, the receiver 50 includes a plurality of receiver
panels 52 and a tower 54. The receiver 50 further includes
a hub (not shown). In general, the receiver 50 has the same
panel structure as the embodiment shown m FIG. 1. In
addition, the receiver 50 of this embodiment includes a top
shroud 56 and bottom supports 538. The bottom supports 58
connect and stabilize the receiver panels to the tower 54.

The top shroud 56 provides a structure that reduces both
convective and radiative losses. Solar retlections and radia-
tive thermal emissions from the surface of the receiver can
be intercepted by the shroud and reradiated back to the
receiver. In addition, the shroud impedes the upward natural
convection of hot air from the receiwver surface, thereby
reducing convective heat losses. The top shroud 56 includes
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an outside surface 60 and an inside surface 62. The 1nside
surface 62 may be coated with a durable reflective surface,
and the outer surface may be mnsulated to reduce convective
and radiative losses.

FIGS. 5, 6 and 7 illustrate another exemplary embodiment
ol a receiver 66 according to an embodiment of the disclo-
sure. As can be seen 1n FIG. 5, the receiver 66 includes a
plurality of receiver panel systems 68 connected to and
radially disposed about a central hub 70. The plurality of
receiver panel systems 68 extend from the central hub 70 in
a radial direction. In this exemplary embodiment, the radial
axis of the receiver panel systems 68 radiate perpendicular
from the central axis Y of the hub 70 1n radial direction R.
The hub 70 1s connected to a tower 72 for elevating the
receiver 66 above a surface (not shown). The receiver panel
systems 68 have a leading edge 74 that 1s distant from the
hub 70, and a trailing edge 76 that 1s proximate to the hub
70.

As can be seen 1n FIGS. 6 and 7, the receiver panel system
68 include a first receiver panel 78 and a second receiver
panel 80 that generally come together to form a wedge or
triangular shape that apexes in the radial direction. The
receiver panel system 68 may include a nose panel, cap or
other structural member 82 that provides structural support
and aerodynamic streamlining to the receiver panel system
68. The recerver panel system 68 may further include a rear
panel, cap or structural member 84 that provides structural
support and connection to the hub 70. The receiver panel
system 68 includes a first side 86 and a second side 88. In
addition, the receiver panel system 68 may include insula-
tion and/or reflective material or components 90 (see FIG. 7,
not shown on FIG. 6 for clanty) disposed behind the first
and/or second receiver panels 78, 80 for providing thermal
control and/or for reflecting irradiance back upon the sub-
panels. The receiver panel system 68 may include additional
structures and supports for joining and/or supporting the
panel components.

In this exemplary embodiment, the receiver 66 includes
four recerver panel systems 68, however, 1n another embodi-
ment, the receiver 66 may include 2 or more receiver panel
systems 68. In another embodiment, the receiver 66 may
include between 2 and 1000 receiver panel systems. In
another embodiment, the recerver 66 may include between
3 and 20 receiver panel systems. In another embodiment, the
receiver 66 may include between 4 and 10 receiver panel
systems. In an embodiment, receiver panels forming the
receiver panel systems may include one or more tubes with
or without a header. As can be seen 1n FIG. 5, both sides of
the receiver 66 can be illuminated.

The hub 70 provides a central attachment point for the
receiver panel systems 68. In addition, the hub 70 and/or
tower 72 may include piping for fluidly connecting the
receiver panel systems 68 to a tluid source and fluid recerver
(not shown) as would be appreciated by one of ordinary skill
in the art. Further in addition, the hub 70 and/or tower 72
may include pumps, valves and/or other fluid transport and
control devices for providing and/or controlling fluid to the
receiver panel systems 68.

In this exemplary embodiment, the receiver panel systems
68 are attached to the hub 70. In another embodiment, the
receiver panel systems 68 may be pivotally attached to the
hub 70 1n a manner that allows the recerver panel systems 68
to be pivoted about the Y axis. For example, one or more of
the 68 may be pivoted so as to face a surface more
perpendicular to solar irradiance.

FIGS. 6 and 7 show a more detailed illustration of a
receiver panel system 68 according to an embodiment of the
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invention. The rear cap 84 has been removed from FIG. 6 for
clarity. As can be seen in FIGS. 6 and 7, the first and second
receiver panels 78, 80 are similar 1n shape and structure, and
will described by referencing the first receiver panel 78,
while being understood that corresponding similar compo-
nents are shown on the second receiver panel 80.

Referring again to FIGS. 6 and 7, the first recerver 78,
which has a general panel structure, 1s structured similar to
the receiver panel 32 shown on FIG. 3, and includes the
variations as discussed with the wvarious embodiments,
including, but not limited to being constructed of a single
panel. In addition, this embodiment may include piping
and/or other structures that may allow for fluid to be
provided between the first and second receiver panels 78, 80.
It should be noted that 1n this embodiment, 1llumination does
not directly impact the interior side of the tubes of the
sub-panels, although sunlight may be retlected to the interior
side of the tubes.

FIG. 8 illustrates another example of a receiver 92 accord-
ing to another embodiment of the disclosure. As can be seen
in FIG. 8, the receiver 92 includes a support panel 94 and
plurality of receiver panels 96. The support panel 94 serves
a similar function as the hub 14 (FIG. 1) of a previous
embodiment, and may include piping, pumps, and fluid and
support structures. The plurality of receiver panels 96 extend
from the plane of the receiver 92. In an embodiment, the
support panel 94 may be attached to a tower as also shown
in FIG. 1. The extending blade design increases the effective
solar absorptance and efliciency by providing a light trap for
the 1ncident solar radiation while reducing heat losses from
radiation and convection.

The recerver panels 96, which have a general panel
structure, are structured similar to the receiver panel 32
shown on FIG. 3, and includes the variations as discussed
above with the various disclosed panel embodiments,
including, but not limited to being constructed of a single
panel or multiple panels. In this exemplary embodiment, the
support panels 96 are aligned and attached horizontally to
the support panel 94, or 1in other words, the flow 1n the tubes
1s horizontal i1n relation to any surface the receirver 92 is
disposed above, and as similarly shown 1n FIG. 3. In another
embodiment, the receiver panels 96 may be aligned and
attached vertically upon the support panel 94. In another
embodiment, the receiver panels 96 may be attached at any
angle to the support panel 92. In this exemplary embodi-
ment, the receiver panels 96 are rigidly attached to the
support panel 94. In another embodiment, the receiver
panels 96 may be pivotally attached to the support panel 94.

The mvention being thus described, 1t will be obvious that
the same may be varied in many ways. Such variations are
not to be regarded as a departure from the spirit and scope
of the invention, and all such modifications as would be
obvious to one skilled 1n the art are intended to be included
within the scope of the appended claims. It 1s intended that
the scope of the invention be defined by the claims appended
hereto. The entire disclosures of all references, applications,
patents and publications cited above are hereby incorporated
by reference.

In addition, many modifications may be made to adapt a
particular situation or material to the teachings of the
disclosure without departing from the essential scope
thereotf. Therefore, 1t 1s intended that the disclosure not be
limited to the particular embodiment disclosed as the best
mode contemplated for carrying out this disclosure, but that
the disclosure will include all embodiments falling within
the scope of the appended claims.
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What 1s claimed 1s:

1. A solar receiver, comprising;:

a plurality of solar receiver panels disposed radially about

and attached to a central hub having a vertical axis;

wherein the plurality of solar receiver panels comprise: 5

a first fluid header:;

a second fluid header; and

a plurality of tubes fluidly connecting the first and
second fluid headers;

wherein one or more of the plurality of solar receiver 10

panels can pivot about the hub with respect to the
vertical axis; and

wherein the plurality of solar panels can pivot radially

about the central hub relative to the vertical axis.

2. The solar receiver of claim 1, wherein the plurality of 15
solar receiver panels extend radially from the vertical axis.

3. The solar receiver of claim 1, wherein at least one of the
plurality of solar receiver panels comprises two or more
solar receiver sub-panels.

4. The solar receiver of claim 3, wherein the solar receiver 20
sub-panels comprise:

a first sub-panel fluid header;

a second sub-panel fluid header; and

a plurality of sub-panel tubes fluidly connecting the first

and second sub-panel fluid headers. 25
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